Abstract. The shell structure of nuclei with Z > 104 is studied with modified two-center shell model. Using macroscopic-microscopic approach, the mass excesses and Q α -values are calculated and compared with available experimental data. Our calculations reveal quite strong shell effects at Z = 120 − 126 as well as at N = 184. If our predictions for the heaviest nuclei are correct then one can expect the production of evaporation residues with Z ∼ 120 in the reactions 50 Ti+ 249 Cf and 54 Cr+ 248 Cm with the cross sections 23 and 10 fb, respectively. Nuclei with Z = 120 and N = 178 − 182 are expected to have Q α about 11 MeV and life-time of 0.17 ms -0.16 s.
Introduction
To find ways of synthesis and identification of superheavy nuclei, the study of their structure is necessary [1, 2] . The stability of superheavy nuclei is related to the shell effects which are ruled by the mean field and the spin-orbit interaction. Existing microscopic-macroscopic approaches [3] [4] [5] supply the basis for the intensive calculations of the properties of heavy nuclei.
The aim of this work is to apply the microscopic-macroscopic approach based on the two-center shell model TCSM [6] to the SHN and to reveal the trends in the shell effects, nuclear binding energies, Q α -values, quasiparticle states, and the evaporation residue cross sections with Z. The parameters of the TCSM were set so to describe the spins and parities of the ground state of known heavy nuclei (the rare earth nuclei, actinides, and some superheavy nuclei). This approach has been used in Ref. [7] . Note that the spectroscopic study of low-lying one-and two-quasiparticle states, and isomers in the heaviest nuclei [8] [9] [10] [11] is up to date because of the problem of unambiguous identification of new superheavy nuclei [1, [12] [13] [14] .
Modified TCSM
In our work, we use the shape parametrization adopted for the TCSM and use it for finding the single-particle levels in the ground state of the nucleus.
The contribution of an odd nucleon, occupying a singleparticle state |µ⟩ with energy e µ , to energy of a nucleus is described by the one-quasiparticle energy √ (e µ − e F ) 2 + ∆ 2 . Here, the Fermi energy e F and the pairing-energy gap parameter ∆ are calculated with the BCS approximation. Pairing interaction of the monopole type with strength param-
and protons is used. For solving the pairing equations for e F and ∆, the same prescription as in Ref. [15] is used. In the calculations of e F and ∆ the blocking effect [16] is not taken explicitly into consideration. To take it effectively into account in the calculations of one-quasiparticle exci-
µ is the single-particle energy of occupied level below the Fermi level energies, we use the results of Ref. [16] where the reduction of ∆ occurs by about factor of 0.85. Calculating the potential energy surface as a function of collective coordinates with the TCSM, we find the ground-state potential minimum in which the energies of the low-lying one-quasiparticle states are obtained.
The details of the calculations of binding energies of nuclei in the ground states are presented in Ref. [5, 7] .
Binding energies
For the calculations of the binding energies of nuclei in the ground states we suggest the following expression: 
Calculations
The calculated mass excesses M th , neutron separation energies S n , shell corrections E sh , and Q α -values you can see in [7] for nuclei with 105 ≤ Z ≤ 126.
As seen in figure 1 , the calculated Q α are in a good, within 0.3 MeV, agreement with the available experimental Q exp α [1, 2, 12, 17] . The shell at N = 162 is pronounced in our calculations as in Refs. [3, 4] . The shell effects at Z = 114 and N = 172 − 176 provide rather weak dependence of Q α on N. The strong role of the shell at N = 184 is reflected in the well pronounced minimum of Q α . The shell corrections prevent the fission of superheavy nuclei. The height B f of the fission barrier is mainly determined by the amplitude of the shell correction in the ground state for nuclei with Z ≥ 106. As a result, B f strongly depends on the neutron and proton numbers of the compound nucleus, especially, on how close they are to the magic numbers.
The results of our calculation of B f −B n as a function of N are presented in figure 2. As it is seen, our microscopicmacroscopic approach provides the shell at Z = 114. However, the shell effects at Z = 120 − 126 are rather strong. In figure 2 , the fission barrier increases when N approaches N = 184. Since for nuclei with Z = 120 − 126 the values of Q α are minimal at Z = 120 (figure 2) where the fission barriers are rather high (figure 2), the nuclei with Z = 120 and N = 180 − 184 are expected to be the most stable nuclei beyond those with Z = 114 and N = 176 − 178. The shell closure at Z = 120 is expected in accordance with the relativistic mean-field model [18] .
Evaporation residue cross sections
In the dinuclear system (DNS) model the dynamics of fusion is considered as a diffusion of the DNS in the mass asymmetry defined by η = (A 1 − A 2 )/(A 1 + A 2 ) (A 1 and A 2 are the mass numbers of the DNS nuclei) and in the internuclear distance R. The evaporation residue cross section in xn evaporation channel is determined as
The capture cross section σ c (E c.m. , J) defines the transition of the colliding nuclei through the Coulomb barrier and the formation of the DNS when the kinetic energy above the barrier is transformed into the excitation energy of the DNS and the angular momentum J of the relative motion is redistributed in the DNS. For the reactions treated, the maximum evaporation residue cross sections are at E c.m. at which the collisions for all orientations of deformed nuclei become possible. Therefore, in our case there is no noticeable loose of the cross section during the capture. Using our predictions of nuclear properties in [7] , we calculated the evaporation residue cross sections in the reactions 48 249 Cf reaction. Therefore, the decrease of P CN is partly negated by the increase of W sur , and the nucleus 298 120 is predicted to be produced with a cross section of 10 fb (4n evaporation channel). As in Refs. [20] [21] [22] , the isotopic dependence of σ ER is rather weak in the treated interval of mass numbers A. Indeed, the values of σ ER are almost the same in the cases of 246 Cm (Q=-208.07 MeV) and 248 Cm as target. There is a certain interval of mass numbers of target nuclei where the product P CN W sur changes only weakly [20] [21] [22] . Fig. 8 . The same as in figure 7 , but for the nuclei of the α-decay chain of 297 120.
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6 One-and two-quasiparticle states
In Ref. [23] we treated the isotopes of superheavy nuclei with even Z which can be reached in complete fusion reactions with available stable projectiles and targets. The results for odd Z nuclei are given in Ref. [19] . In figure 6 the energies of two-quasiparticle states are presented for the nuclei of α-decay chain of 296 120. While for nuclei with Z ≤ 118 the first two-quasiproton states have energies smaller than 1.2 MeV, in 296 120 the energies of the first two-quasiproton states are at about 1.9 MeV. This indicates a larger gap in the proton single-particle spectrum. So, the shell effects become stronger beyond Z = 114. The α-decay chain starting from 296 figure 6 ). The α-decay chains of 295, 297 120 are expected to be long, at least up to Rf, because the spontaneous fission of odd nuclei is hindered and α decays occur faster [1] . In figures 7,8 we show the calculated one-quasiparticle spectra of nuclei of α-decay chains of 295,297 120. The possible α decays are marked. As seen in figure 7 , the α decay of 291 116 is hindered, because the corresponding levels have high energies in the daughter nucleus.
Since in figures 7,8 the nuclei with Z > 108 are only slightly deformed, the quasiparticle spectra are rather dense near the ground states and the appearance of isomeric states is likely. Alpha decays can occur from these isomeric states if they live longer with respect to γ decay. The α decays from the isomeric states of 295, 297 120 are calculated to be faster than from the ground states.
Summary
The calculations performed with the modified TCSM reveal quite strong shell effects at Z = 120 − 126. The strong shell effect is at N = 184. So, our macroscopic-microscopic treatment qualitatively leads to the results close to those in the mean-field treatments. The shell structure of heaviest nuclei predicted with macroscopic-microscopic model crucially depends on the parameters of single-particle potential and spin-orbit interaction. If our predictions of the structure of heaviest nuclei are correct, than one can expect the production of evaporation residues with Z = 120 in the reactions 50 Ti+ 249 Cf and 54 Cr+ 248 Cm with the cross sections 23 and 10 fb, respectively. The Z = 120 nuclei with N = 178 − 182 are expected to have Q α about 11 MeV and life time of about 1.7 ms -0.16 s. Note that the definition of maxima of the excitation functions provide the good test for the predictions of the models.
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